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This  methodology  description  presents  the  analytic  logic  of  the  Target 
Detection  Routine  (TADER),  developed  during  the  Target  Acquisition  Study 
(TAS  III),  to  compute  values  of  probability  of  operational  target 
acquisition  (POTA)  for  input  to  a  CAA  nuclear  fire  planning  model  (NUFAM). 
Additional  documentation  on  model  operation  and  use  is  in  the  separately 
published  TADER  User's  Guide  (CAA-0-87-8) .  The  final  study  report  on  TAS 
III  is  separately  published  as  CAA-SR-87-23. 
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TARGET  DETECTION  ROUTINE 
(TADER) 

METHODOLOGY  DESCRIPTION 


SUMMARY 

CAA-TP-87-9 


THE  REASON  FOR  PERFORMING  THIS  WORK  is  that  the  methodology  employed  by  the 
CAA  Target  Acquisition  Study  I I  (TAS  II)  for  computing  probability  of 
operational  target  acquisition  (POTA)  was  no  longer  operational  at  CAA  and 
required  update  and  revision.  Revision  consisted  of  construction  of  a  new 
methodology,  the  Target  Detection  Routine  (TADER),  which  computes  detection 
susceptibility  (POTA)  of  generic  military  units  scanned  by  opposing  sensor 
arrays  over  a  fixed  scan  period.  This  report  describes  the  TADER 
methodology. 

THE  PRINCIPAL  FINDINGS  of  the  work  reported  in  this  paper  are: 

U)  The  TADER  methodology  uses  an  extension  of  the  concept  of  POTA  from 
TAS  II,  as  well  as  much  of  the  input  data  of  that  study;  however,  TADER  is 
a  new  methodology  which  sign  if icantly  extends  the  methodology  of  TAS  II. 

(2)  TADER  treats  the  following  generic  sensor  coverage  pattern  types:  a 
"fan"  (typical  of  STANO  radars  and  ground  observers),  a  rectangular  swath 
across  the  entire  scanned  sector  (typical  of  standoff  sensors  traversing 
the  sector  front),  and  a  set  of  coverage  rectangles  within  the  scanned 
sector  (typical  of  penetrating  sensors,  e.g.,  patrol,  RPV,  reconnaissance 
air  mission). 

(3)  TADER  is  a  deterministic  model  which  employs  a  graphical  search 
technique  to  determine  detectability  and  sensor  coverage  at  many  points  and 
subsequently  averages  them  over  a  scanned  region.  This  technique  allows 
more  flexible  sensor  placement  and  pattern  representation  than  did  TAS  II. 

(4)  TADER  employs  input  target  lucrativeness  thresholds  to  screen 
detections  on  the  basis  of  a  minimum  number  of  detected  target  elements 
required  for  consideration.  A  TADER  POTA  is  a  probability  of  detection  at 
(or  above)  the  specified  lucrativeness  level.  TAS  II  did  not  employ  a 
lucrativeness  threshold. 


THE  MAIN  ASSUMPTIONS  are  that  the  probabilities  of  detection  of  different 
targets  by  different  systems  are  assumed  to  be  statistically  independent 
and  that  all  detections  are  for  a  fixed  "snapshot"  scanning  period. 


THE  PRINCIPAL  LIMITATION  is  that  detection  of  electronic  emitters  (SIGINT) 
is  not  modeled. 


THE  SCOPE  OF  THE  STUDY  addresses  the  assessment  of  average  detection 
susceptibility,  over  a  scanned  region,  of  a  generic  military  unit  scanned 
during  a  fixed  time  period  by  specified  sensor  arrays  in  a  specific 
scenario.  The  method  is  based  on  the  POTA  concept  and  input  data  types 
employed  in  TAS  II. 

THE  STUDY  OBJECTIVES  were: 

(1)  To  revise  the  methodology  developed  in  TAS  II  for  computing  POTA 
for  military  units  so  that  updated  scenarios  and  inputs  can  be  processed. 

(2)  To  document  and  demonstrate  the  revised  POTA  methodology. 

THE  BASIC  APPROACH  was: 

(1)  To  assess  the  limitations  of  the  TAS  II  POTA  methodology. 

(2)  To  select  features  and  capabilities  for  incorporation  into  a 
revised  POTA  methodology. 

(3)  To  develop  a  revised  POTA  methodology,  denoted  as  the  Target  Detec¬ 
tion  Routine  (TADER),  incorporating  the  selected  capabilities. 

(4)  To  report  on  the  nature  of  the  TADER  methodology  through  exposition 
and  illustrative  examples. 

THE  STUDY  SPONSOR  is  the  Deputy  Chief  of  Staff  for  Operations  and  Plans, 
Headquarters,  Department  of  the  Army. 

THE  STUDY  EFFORT  was  conducted  by  Mr.  Walter  J.  Bauman,  Force  Systems 
Directorate,  US  Army  Concepts  Analysis  Agency. 

COMMENTS  AND  QUESTIONS  may  be  addressed  to  the  Director,  US  Army  Concepts 
Analysis  Agency,  ATTN:  CSCA-FSC,  8120  Woodmont  Avenue,  Bethesda,  MD 
20814-2797. 
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Section  I. 


INTRODUCTION  AND  BACKGROUND 


1.  INTRODUCTION 

a.  The  methodologies  used  by  the  US  Army  Concepts  Analysis  Agency  (CAA) 
for  computing  tactical  nuclear  requirements  must  address  the  allocation  of 
weapons  to  potential  targets  and  the  assessment  of  effects  of  these  allo¬ 
cations.  Any  selection/allocation  algorithm  for  targets  must  treat  the 
detectability  of  targets.  Because  of  the  potentially  large  number  of  sensors 
and  targets  in  a  battlefield  environment  and  the  complexity  of  factors 
affecting  detectability,  the  target  detection  and  acquisition  process  is  not 
simulated  in  detail  within  a  computerized  nuclear  fire  planning  and  assess¬ 
ment  model.  Instead,  targets  in  a  nuclear  fire  model  are  characterized  by 
probabilistic  detectability  factors  from  tables  generated  offline  by  a 
detailed  target  acquisition  methodology.  The  offline  methodology  evaluates 
target  detectability  over  a  wide  variety  of  scenario  conditions.  The 
resulting  catalog  of  detectability  factors,  by  type  unit  and  zone,  is  then 
used  as  lookup  tables  by  the  nuclear  fire  model. 

b.  The  offline  methodologies  used  in  the  above  process  at  CAA  have  been 
developed  in  three  CAA  studies:  Target  Acquisition  Study  (TAS),1  performed 
in  1976,  Target  Acquisition  Study  II  (TAS  II), 2  performed  in  1979,  and  the 
current  study.  Target  Acquisition  Study  III  (TAS  III).  The  detectability 
factors  calculated  in  each  of  these  studies  are  denoted  as  probabilities  of 
operational  target  acquisition  (POTA).  Although  the  concept  of  a  POTA  is 
used  in  the  same  way  in  all  of  the  above  studies,  each  one  developed  its  own 
method  for  calculating  it. 

c.  The  methodology  developed  in  TAS  III  is  the  Target  Detection  Routine 
(TADER)  and  is  documented  in  this  report  and  in  a  separate  user's  guide. 3 
Certain  TADER  methodology  refinements  and  additions  designed  late  in  TAS  III 
are  not  documented  herein  in  order  to  permit  consistency  of  the  documented 
methodology  with  the  last  complete  set  of  POTA  results.  The  TAS  III  Study 
Report4  alludes  to  them,  and  TAS  IV  will  document  and  report  on  them  in 
detail. 


d.  A  POTA  value  is  always  scenario  dependent  since  it  is  computed  for  a 
fixed  configuration  of  deployed  sensors  (numbers,  types,  and  locations)  and 
for  a  fixed  set  of  sensor,  target,  and  environmental  characteristics.  Appli¬ 
cability  of  a  POTA  value  is  restricted  to  the  set  of  conditions  used  to 
generate  it. 

2.  BACKGROUND  -  PREVIOUS  STUDIES 

a.  Prior  to  January  1976,  percent  of  knowledge  (POK)  estimates  were  used 
by  CAA  as  the  basis  for  simulating  target  acquisition  in  tactical  nuclear 
force  (TNF)  studies.  These  values  were  determined  subjectively,  taking  into 
consideration  all  known  sources  of  target  acquisition  projected  through  the 
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1980  timeframe.  Percent  of  knowledge  was  defined  as  the  probability  that  a 
given  unit  type  at  a  specified  distance  from  the  forward  line  of  own  troops 
(FLOT)  would  be  acquired  by  the  opposing  force. 


b.  In  May  1976,  the  Target  Acquisition  Study  (TAS)  was  completed  by  CAA. 
This  study  developed  the  POTA  concept  as  a  replacement  for  the  POK  concept. 

As  defined  in  the  original  TAS,  POTA  was  the  probability  of  detecting,  iden¬ 
tifying,  and  locating  various  types  of  potential  targets  at  prescribed  dis¬ 
tances  from  the  FLOT  during  a  random,  but  limited,  period  of  time  in  a  day  of 
intense  combat.  The  Nuclear  Requirements  Methodology  II  (NUREM  II)  Study, 5 
completed  in  January  1978,  and  the  Theater  Nuclear  Force  Requirements  -  1984 
(NUREQ-84)  Study, 6  completed  in  January  1979,  were  studies  which  utilized  the 
POTA  concept. 

c.  Following  publication  of  the  NUREQ-84  Study  Report,  a  decision  was 
made  to  review  and  update  the  POTA  methodology  and  data  base  as  a  major 
quality  assurance  (QA)  effort,  in  preparation  for  the  next  major  nuclear 
study.  As  a  result,  TAS  II  was  performed  and  was  completed  in  August  1979. 
The  POTAs  calculated  by  that  study  were  the  standard  until  1985,  when  CAA,  in 
TAS  III,  undertook  to  update  the  TAS  II  POTAs  and  methodology  to  support  cur¬ 
rent  nuclear  force  requirement  studies.  POTA  still  means  the  same  it  did  in 
TAS  II,  except  t.iat  now  target  recognition  has  replaced  target  identification 
in  the  definition. 

3.  TARGET  ACQUISITION  STUDY  III  (TAS  III) 

a.  TAS  III  was  structured  in  two  phases.  In  the  first  phase,  the  primary 
objectives  were: 

(1)  To  restore  operational  capability  of  the  computerized  TAS  II 
methodology.  That  methodology  had  not  been  exercised  for  5  years.  Archived 
computer  files  had  to  be  restored,  verified  and  tested. 

(2)  To  update  Inputs  used  in  TAS  II  to  include  sensors,  targets,  envi¬ 
ronments,  and  scenarios  applicable  to  current  nuclear  requirement  studies  at 
CAA.  The  POTAs  generated  by  TAS  II  were  being  widely  applied  to  cases  and 
conditions  beyond  the  scope  of  that  study.  An  update  of  TAS  II,  to  include 
more  cases  and  conditions,  appeared  necessary. 

(3)  To  determine  new  POTA  values  for  use  in  the  Nuclear  Requirements 
Study  -  1992  (NUREQ-92)  at  CAA.  NUREQ-92  addressed  scenarios  for  which  TAS 
II  POTAs  are  inappropriate.  New  POTAs  for  new  scenario  conditions  had  to  be 
generated. 

b.  In  the  second  phase  of  TAS  III,  the  restored  POTA  methodology  from  TAS 
II  was  to  be  enhanced  to  include  battalion-size  units,  units  in  assembly 
areas  and  on  the  move,  and  other  targets  not  addressed  by  TAS  II  but  needed 
for  NUREQ-92. 
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4.  TARGET  (DETECTION  ROUTINE  (TAOER)  DEVELOPMENT 


a.  The  archived  computer  files  from  the  TAS  II  project  could  not  be 
reconstructed  in  a  complete  and  consistent  manner,  even  with  the  documen¬ 
tation  from  the  TAS  II  Study  Report.  Examination  of  the  TAS  II  model. 
Probability  of  Operational  Target  Acquisition  Routine  (POTAR),  revealed 
several  deficiencies  including: 

(1)  Sensor  placement  rules  did  not  permit  individual  location  of 
emplaced  sensors,  but  restricted  them  to  uniform  distribution  along  a 
straight  line. 

(2)  The  coverage  of  penetrating  sensors  did  not  allow  for  flight  paths 
of  more  than  one  leg  in  a  single  direction. 

(3)  Lucrativeness  thresholds  for  determining  when  the  number  of 
detections  was  sufficient  for  target  recognition  (confirmation  of  the 
presence  of  an  expected  target  type)  were  not  addressed. 

(4)  Art i 11 ery /mortar  firing  and  activity/environment  (movement/ 
concealment)  factors  were  not  properly  accounted  for  or  treated. 

b.  After  extensive  investigation,  a  new,  as  opposed  to  restored,  method¬ 
ology  was  determined  to  be  necessary.  The  TAS  III  POTA  model,  denoted 
earlier  as  the  Target  Detection  Routine  (TADER): 

(1)  Is  a  fully  computerized,  deterministic  model,  written  in  FORTRAN 
and  treating  expected  values. 

(2)  Retains  the  basic  definition  of  the  POTA  concept  from  TAS  II,  but 
with  an  emphasis 'on  target  recognition  rather  than  identification  (knowing 
the  name  of  the  unit  found). 

(3)  Uses  most  of  the  inputs  of  TAS  II.  Moreover,  TADER1 s  additional 
capabilities  allow  conditions  not  treated  by  TAS  II,  such  as  target  unit 
posture,  to  be  addressed. 

(4)  Allows  POTAs  to  be  calculated  over  a  broader  range  of  scenarios 
than  TAS  II. 

(5)  Screens  unit  detections  on  the  basis  of  sufficiency  for  target 
recognition  (lucrativeness). 

(6)  Eliminates  sensor  placement  and  coverage  restrictions  of  POTAR. 

(7)  Properly  accounts  for  art i 11 ery /mortar  firing  and  activity/ 
environment  factors. 


I 
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Section  II.  CONCEPT  OVERVIEW 


& 


5.  SCOPE 

a.  General.  The  principal  purpose  of  TAS  III  was  to  develop  a  method¬ 
ology  for  determining  the  probability  of  detection  of  combat  units  of  various 
types  at  different  distances  from  the  FLOT.  The  values  developed  are  called 
' POTA '  (probability  of  operational  target  acquisition)  or  'unit  POTA'  values 
(see  Figure  1).  The  target  units  typically  are  of  company,  battalion, 
command  post,  and  battery  sizes.  The  POTA  values  are  averages  over  zones  of 
prespecified  depth,  currently  0-3,  3-12,  12-25,  25-100,  and  100-300  km.  The 
POTA  values  for  a  zone  are  developed  by  first  determining  the  POTA  values  for 
uniform  (1  km)  squares  in  the  zone,  and  then  averaging  these  over  the  whole 
zone. 


POTA 


THE  PROBABILITY  OF  OPERATIONAL  TARGET 


ACQUISITION  IS  THE  PROBABILITY  OF  DETECTING,  RECOGNIZING, 
AND  LOCATING  VARIOUS  TYPES  OF  POTENTIAL  TARGETS  AT 
PRESCRIBED  DISTANCES  FROM  THE  FLOT  DURING  A  RANDOM  BUT 
LIMITED  PERIOD  OF  TIME  IN  A  DAY  OF  INTENSE  COMBAT. 


3 
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Figure  1.  POTA  Concept  Definition 


b.  Assumptions.  In  order  to  derive  POTA  values,  assumptions  must  be  made 
concerning  knowledge  of  the  targets.  Specifically,  target  classification 
(e.g.,  battalion/battery/command  post  types),  composition  (table  of  organi¬ 
zation  and  equipment  (TOE)  in  terms  of  people,  wheeled  vehicles,  tracked 
vehicles,  artillery  tubes  (or  rocket  launchers),  and  mortar  tubes),  and 
approximate  location  must  be  known.  Target  units  must  not  overlap  each 
other.  Their  classification  and  approximate  location  are  provided  by  signals 
intelligence  (SIGINT)  sensors  and  other  IPB  (intelligence  preparation  of  the 
battlefield)  techniques.  The  TOE  of  the  units  is  general  knowledge. 


to 
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c.  Restrictions 

(1)  The  TAS  III  methodology  treats  only  target  signatures  susceptible 
to  visual,  acoustic,  or  radar  scanning.  SIGINT  could  be  included,  however, 
if  appropriate  data  was  available.  The  method  treats  individual  detection  of 
target  elements  as  statisticlly  independent.  The  independence  assumption 
enables  a  compact,  relatively  fast  analytic  solution. 

(2)  A  POTA  is  computed  for  a  specific  for-ce  of  emplaced  and  moving 
sensors  scanning  specified  target  zones.  Locations  of  sensors  are  specified 
by  user  input,  and  sensor  coverage  patterns  are  represented  in  "cookie- 
cutter"  fashion.  It  is  possible  to  modify  the  TADER  methodology  to  compute 
POTAs  for  a  unit  at  a  specified  location,  but  such  modification  was  not 
considered  within  the  scope  of  TAS  III.  Capabilities  and  characteristics  of 
sensors  are  fixed  (by  input)  and  are  constant  throughout  the  timeframe 
represented.  That  timeframe  is  essentially  a  "snapshot."  Target 
environments  and  states  are  represented  in  terms  of  average  (expected  value) 
frequency,  specified  by  the  user. 

(3)  The  POTA  values  do  not  provide  a  target  unit  list  or  target  value 
ranking.  A  POTA  for  a  unit  type  only  provides  data  on  the  overall 
susceptibility  of  that  unit  type  to  detection  by  a  specific  array  of  sensors 
in  a  specific  scenario.  A  POTA  does  not  treat  the  importance  of  element 
types  within  a  unit.  The  detection  of  a  truck  has  the  same  weight  as  the 
detection  of  a  tank  in  the  final  POTA  calculation.  Also,  time  perishability 
of  detection  information  is  not  directly  treated. 

6.  POTA  CALCULATION  OVERVIEW  (TOP  DOWN).  The  end  product  of  TADER  is  the 
unit  POTA  for  a  target  unit  randomly  located  in  a  target  zone  and  searched 
for  by  all  scenario  systems.  The  formulas  and  inputs  necesary  to  arrive  at 
this  zone  unit  POTA  are  determined  in  the  following  manner  (parameter  names 
are  not  necessarily  the  same  as  those  used  later  in  the  appendix  in  the 
general  case  expositions  and  examples.  Their  designation  here  is  solely  to 
illustrate  the  overall  model  logic): 

a.  The  unit  POTA  for  (a  random  location  in)  the  target  zone  is  computed 
as  the  arithmetic  average  of  the  combined  unit  POTAs  computed  for  each  grid 
square  of  the  target  zone. 

POTA  =  unit  POTA  in  target  zone  z 


/ 

=  (  ^  POTA  j/nz 
#=l 


where 


=  number  of  grid  squares  in  target  zone  z. 
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b.  The  combined  unit  POTA  for  a  grid  square  g  is  computed  by  combining 
the  noncounterfire  and  counterfire  POTAs  for  the  unit. 

POTAg  =  probability  at  least  one  system  detects  the  target  unit  in  g 
as  lucrative 


=  l.  -  (1.  -  POT l  ) x (l .  -  POT 2  )) 
g  g 


where 


P0T2g 


probability  at  least  one  noncounterfire ’system  of  nn  systems 
detects  the  unit  in  g  as  lucrative 

probability  at  least  one  counterfire  system  of  nc  systems 
detects  the  unit  in  g  as  lucrative 


c.  A  noncounterfire  POTA  for  all  nn  noncounterfire  systems  versus  the 
unit  in  grid  square  g  is  computed  as: 

POTlg  =  probability  at  least  one  noncounterfire  system  of  nn  systems 
3  detects  the  unit  in  g  as  lucrative 


=  l.  -  fl  (l.  -  POT  ) 

*  1  SB 


where 

P0TSg  =  probability  system  s  detects  the  unit  in  g  as  lucrative 

d.  A  counterfire  POTA  is  computed  for  all  nc  counterfire  systems  versus 
the  unit  in  g  as: 

P0T2g  =  probability  at  least  one  counterfire  system  of  nc  systems 
detects  the  unit  in  g  as  lucrative 


where 


=  1  —  PI  (1  —  POV .  ;  xPFIR 


=  probability  counterfire  system  s  detects  the  unit  as 
lucrative,  given  that  the  unit  is  firing 

=  probability  the  target  unit  is  firing 
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e.  For  a  noncounterfire  system  s  versus  a  target  unit  in  grid  square  g, 
POTsg  =  probability  system  s  detects  the  unit  in  g  as  lucrative 

M 

=  1  -  nii-  pu  > 

II  ise 


*h  ere 


M  =  number  of  sensors  in  system  s 

PUisg  =  probability  the  single  sensor,  i,  detects  the  target  unit  as 
lucrative 


f.  For  a  counterfire  system  s  versus  a  firing  unit  in  grid  square  g, 
P0V$g  =  probability  system  s  detects  the  unit  as  lucrative 

Vf 

=  1.  -  n  (i-  -  p°  > 

1  l  isg 


where 


»  number  of  sensors  in  system  s 


POisg  3  probability  the  sensor  i  (of  system  s)  detects  enough 
volleys  (of  the  unit  in  g)  to  be  "OR"  lucrative 

=  the  probability  of  at  least  T0V  detections  in  a  binomial 
distribution  of  volleys  with  single  detection  probability  = 
Pisvg 


where 


T0V  a  "OR"  lucrativeness  threshold  for  volleys 

Pisvg  3  the  weighted  operational  probability,  given  coverage,  that  a 
single  sensor  (of  the  specified  system  s)  detects  a  single 
volley  of  the  target  unit  in  g. 

g.  For  each  emplaced  sensor  i  of  a  noncounterfire  system  s  scanning  a 
grid  square  g: 

PUsig  3  probability  the  single  sensor,  i,  detects  the  target  unit  as 
lucrative. 


=  PA  x  1  -  II  (1  -  PO  )  +  A 

$  \  l  I  ISIS 


where 


POisjg  =  probability  the  sensor  i  (of  system  s)  detects  enough 
element  j  (of  the  unit  in  g)  to  be  "OR"  lucrative 

=  the  probability  of  at  least  TOi  detections  in  a  binomial 
distribution  of  Nj  elements  with  single  detection 
probability  =  Plsjg,  where  TOj  is  the  "OR"  lucrativeness 
threshold  for  element  type  j  and  Nj  is  the  number  of  element 
type  j  in  the  unit. 

PA$  =  availability/survivability  factor  for  system  s 

and 

A  =  a  term  accounting  for  effects  of  "AND"  lucrativeness 

pisjg  =  weighted  operational  probability,  given  coverage  that  a 

single  sensor  (of  system  s)  detects  a  single  target  element 
(of  specified  type  j)  of  the  target  unit  in  g. 

h.  The  pisjg  definition  depends  on  whether  system  s  is  a  noncounterfire 
or  a  counterfire  system.  For  each  sensor  of  each  system,  pisjg  is  a  single 
sensor/single  element  operational  detection  probability  whose  computation  is 
based  on  the  target  unit  being  in  that  grid  square  and  scanned  by  that  sen¬ 
sor.  The  various  sensor  degradation  factors,  the  sensor  capability  activity/ 
environment  factors,  and  the  inherent  detection  probability  are  combined  to 
form  an  operational  probability  of  detection,  given  coverage,  of  a  single 
target  element  by  a  single  available  sensor  for  each  activity /environment 
condition.  This  is  then  weighted  by  the  activity/environment  frequencies  for 
element  types  in  the  target  unit  to  yield  pisjg. 

(1)  Noncounterfire  System.  For  each  emplaced  sensor  i  of  a  noncounter¬ 
fire  system  s  scanning  a  single  target  element  of  type  j  in  a  specific  grid 
square,  g: 


p  =  V  FACT  xPDET  xDEG 

risjg  ej  i  sjg  sje 

e  =  l 

where 

FACTej  =  frequency  of  element  type  j  in  activity/environment  e 

POETjsjg  =  input  inherent  detection  probability  for  the  single  sensor, 

i,  of  system  s  against  a  single  element  of  type  j  located  in 
grid  square  g 

DEGsje  =  product  of  the  sensor  degradation  factors  (excluding 
availability/survivability)  for  element  type  j  in 
activity/environment  e. 
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(2)  Counterfire  System.  For  each  emplaced  sensor  i  of  counterfire 
system  s  scanning  a  grid  square  g. 


p 


ISJg 


=  PA  xPVOL 

i  ISJg. 


where 


PAS  =  availability/survivability  for  system  s 

PVOLisjg  *  operational  probability  that  at  least  one  round  of  an  in¬ 
range  volley  fired  by  element  type  j  in  a  grid  square  g  is 
detected  by  the  single  sensor,  i,  of  system  s.  This 
Includes  weighting  for  sensor  degradation  factors,  but 
excludes  activity/environment  degradation  factors. 

7.  INPUT  OVERVIEW.  The  input  data  required  by  TAOER  is  summarized  in  Figure 
2  and  explained  in  more  detail  thereafter. 


•  SENSOR  CHARACTERISTICS  (IN  SURVEILLANCE  ZONES) 

-  INHERENT  DETECTION  PROBABILITY  ACCORDING  TO  RANGE  OF  TARGET 
ELEMENT 

-  CAPABILITY  MODIFIERS  BY  TARGET  ENVIRONMENT  AND  ACTIVITY 

-  DEGRADATION  FACTORS  (AVAILABILITY,  SURVIVABILITY,  WEATHER, 
WIND,  LOS,  SMOKE) 

-  LOCATIONS 

-  COVERAGE  PATTERNS 

•  TARGET  CHARACTERISTICS  (BY  TARGET  ZONE) 

-  UNIT  STRUCTURE  (TOE  FOR  EACH  TARGET  ELEMENT  TYPE) 

-  ENVIRONMENT 

-  ACTIVITY 

-  ARTY/ROCKET/MORTAR  FIRING  PARAMETERS 

•  LUCRATIVENESS  THRESHOLDS 

-  MINIMUM  DETECTED  SIZE  NEEDED  TO  MERIT  TARGETING 


Figure  2.  Input  Overview 


a.  Sensor  Characteristics 

(1)  Sensor  System.  A  sensor  system  is  a  "suite"  of  sensors  of  a  common 
type,  i.e.,  each  sensor  of  the  system  has  exactly  the  same  characteristics 
except  for  emplacement  location. 
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(2)  Sensor  Types.  TAOER  treats  the  following  sensor  types: 

(a)  STANO  radars. 

(b)  Forward  observers. 

(c)  Counterbattery  radars. 

(d)  Standoff  side-looking  airborne  radar  (SLAR). 

(e)  Penetrating  aircraft. 

(f)  Remotely  piloted  vehicles  (RPVs). 

(g)  Patrols. 

(h)  Emplaced  counterbattery  acoustic  sensors  (REMBASS). 

(3)  Sensor  Zone.  Most  sensor  characteristics  are  input  as  a  function 
of  distance  interval  relative  to  the  sensor  location,  denoted  as  a  sensor 
zone.  A  sensor  zone,  relative  to  a  sensor  location,  is  the  region  between 
two  specified  distances  from  the  emplaced  sensor  or  sensor  path.  A  sensor 
characteristic  for  a  sensor  zone  is  based  on  an  average  value  over  all 
sensor-target  distances  In  that  zone.  The  entire  range  of  coverage  for  a 
sensor  is  partitioned  into  sensor  zones.  TADER  allows  up  to  10  sensor  zones 
to  be  defined. 

(4)  Inherent  Detection  Probability.  Inherent  detection  probability  is 
the  probability  that  a  single  target  element  of  specified  type,  located  in  a 
specified  sensor  zone.  Is  detected  by  a  single  sensor  of  specified  type  under 
ideal  operational  conditions  (l.e.,  test  conditions).  Detection  is  normally 
a  function  of  target  distance  from  sensor.  In  TADER,  it  is  a  function  of 
sensor  zone,  which  is  a  distance  interval  relative  to  a  sensor. 

(5)  Degradation  Factors  (all  sensors).  A  decimal  factor  by  which 
inherent  detection  probability  is  multiplied  in  order  to  reduce  sensor 
effectiveness  due  to  different  conditions.  If  a  condition  is  known  to 
adversely  affect  sensor  performance,  the  sensor's  residual  effectiveness 
relative  to  its  maximum  effectiveness  Is  the  degradation  factor.  Except 
where  noted  below,  degradation  factors  are  assumed  to  be  the  same  in  all 
target  zones.  The  specific  factors  are: 

(a)  Relative  effectiveness  due  to  weather  degradation. 

(b)  Relative  effectiveness  due  to  wind  degradation. 

(c)  Relative  effectiveness  due  to  smoke  or  dust  degradation. 

(d)  Relative  effectiveness  due  to  crew  performance  problems  (varies 

inversely  as  the  degree  of  crew  involvement,  i.e.,  increased  automation  means 
less  crew  involvement  and  higher  relative  effectiveness). 
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(e)  Relative  effectiveness  due  to  Tine  of  sight  restrictions,  i.e., 
probability  sensor  will  have  a  view  of  target  in  target  zone  unobstructed  by 
terrain  (vegetation  is  accounted  for  in  activity /environment  factors, 
described  later  for  both  targets  and  sensors). 

(f)  Relative  effectiveness  due  to  visibility  restrictions,  i.e., 
probability  that  target  contrast  in  target  zone  will  not  be  reduced  to  less 
than  2  percent  by  atmospheric  effects,  such  as  fog  or  haze. 

(g)  Availability  (fraction  available):  fraction  of  time  a  sensor 
actually  operates  or  functions  (takes  into  account  movement  from  one 
operating  location  to  another,  maintenance  down  time,  duty  cycle,  etc.). 

(h)  Survivability:  fraction  of  sensors  still  alive  when  performance 
Is  required.  Usually,  this  is  the  average  number  alive  during  the  2-hour 
search  period  divided  by  the  number  alive  at  the  beginning  of  the  period. 
Intense  combat  is  assumed  to  begin  with  the  search  period. 

(6)  A/E  Degradation  Factors  (all  sensors).  Four  additional  factors  by 
which  inherent  detection  probability  is  degraded  (after  application  of  above 
factors)  to  account  for  effects  of  each  of  the  four  activity/environment 
(A/E)  states  of  the  elements:  moving/in  the  open,  moving/in  woods  or  towns, 
stationary/in  the  open,  and  stationary/in  woods  or  towns. 

(7)  Locations.  A  specific  location  for  each  emplaced  sensor  may  be 
determined  by  the  user.  For  penetrating  aircraft  or  standoff  SLAR  systems,  a 
mission  flight  path  is  defined.  A  user  may  also  specify  a  standoff  distance, 
along  which  sensors  are  uniformly  emplaced. 

(8)  Coverage  Pattern.  TADER  treats  the  coverage  pattern  of  a  sensor  as 
a  user-defined  area  with  a  specific  shape.  The  allowable  shapes  and  defining 
parameters  for  various  types  of  sensors  are  illustrated  in  Figure  3  and  are 
as  follows: 


SENSOR  PATH 


SLAR  PATH 


*  PENETRATING  SENSOR  COVERAGE  CONSISTS  OF  1  OR  MORE  RECTANGIES. 


PENETRATING  SENSOR* 
(RPV.  PATROL,  REMBASS 1 


Figure  3,  Sensor  Pattern  Types 
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(a)  STANO  Radar.  The  allowable  shape  is  a  pie  wedge  representing  the 
area  covered  by  a  radar  scanning  back  and  forth  through  a  specified  scan 
angle.  The  maximum  range  and  the  scan  angle  determine  the  coverage  pattern. 
The  sensor  location  determines  the  location  of  the  wedge.  The  center  axis  of 
radar  scan  (and  Its  pattern)  is  always  modeled  as  perpendicular  to  the  FLOT. 

■  This  type  of  coverage  pattern  also  characterizes  ground-based  forward 

observers. 

!  (b)  SLAR  (standoff).  The  standoff  SLAR  is  treated  as  traversing  the 

entire  width  of  the  sector.  Its  coverage  pattern  is  a  rectangle  with  width, 
parallel  to  the  FLOT,  equal  to  the  sector  width,  and  with  length,  perpen¬ 
dicular  to  the  FLOT,  equal  to  the  maximum  range  of  the  sensor. 


a 


(c)  Penetrating  Sensor.  Penetrating  sensors  include  RPVs  and  patrols 
(short-range  and  long-range)  as  well  as  overflying  aircraft  and  strings  of 
emplaced  sensors  (e.g.,  REM8ASS).  TADER  represents  coverage  for  a  system  of 
penetrating  sensors  as  a  set  of  rectangles  with  user-specified  length,  width, 
and  location  within  a  sector.  All  rectangle  widths  are  parallel  to  the  FLOT 
and  all  lengths  are  perpendicular  to  it.  As  shown  in  Figure  3,  the  path  of  a 
penetrating  sensor  is  associated  with  its  rectangular  sections. 


b.  Target  Characteristics 
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(1)  Target  Zones.  The  battlefield  sector  is  partitioned  into  rectan¬ 
gular  target  zones.  Most  target  characteristics  are  input  as  a  function  of 
target  zone.  A  target  zone  Is  a  rectangular  strip  with  the  same  width  as  the 
sector  of  Interest  and.  In  depth,  including  territory  between  two  specified 
distances  beyond  the  FLOT.  An  example  with  five  target  zones  Is  shown  in 
Figure  4.  TADER  can  treat  up  to  10  target  zones.  For  each  target  unit  type, 
a  POTA  is  computed  for  each  target  zone.  The  unit  POTA  for  a  zone  assumes 
that  the  units  have  a  uniform  random  distribution  over  the  area  of  the  zone. 
The  target  zones  are  numbered  in  order  of  distance  from  the  FLOT  and  must  be 
continuous  and  covering  the  entire  sector. 
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Figure  4.  Example  Target  Zones 


(2)  Unit  Structure 

(a)  General.  Targets  In  TAOER  are  model  representations  of  military 
units  (e.g.,  maneuver  battalions).  They  consist  of  target  elements,  e.g., 
single  weapons  carriers,  or  fired  volleys,  individually  susceptible  to  detec¬ 
tion.  TAOER  can  process  up  to  five  element  types  for  any  sensor  system.  The 
TAOER  user  inputs  the  number  of  each  element  type  normally  found  in  the  unit 
in  each  target  zone.  This  can  reflect  a  unit  being  at  different  strengths  in 
different  echelons.  A  user  can  input  a  strength  level  commensurate  with 
elements  surviving  at  the  time  of  the  search  to  reflect  attrition  prior  to 
(but  not  during)  the  search  period  simulated.  Also,  all  elements  of  a  target 
unit  are  modeled  as  essentially  concentrated  at  a  point,  i.e.,  unit  area  is 
not  considered.  The  POTA  for  a  unit  is  the  combination  of  the  separate 
probabilities  of  noncounterfire  and  counterfire  sensor  systems  finding  that 
unit. 

(b)  Targets  of  Noncounterfire  Sensor  Systems.  The  number  of  target 
elements  in  a  unit  and  zone  is  treated  as  constant  for  the  duration  of  the 
sensor  search  period.  There  is  no  provision  for  attrition  in  the  process. 

The  five  element  types  subject  to  detection  by  noncounterfire  systems  are: 

1.  Personnel. 

2.  Wheeled  vehicles. 

3.  Tracked  vehicles. 

4.  Artillery /rockets  (tubes/launchers) . 

5.  Mortars  (tubes). 

(c)  Targets  of  Counterfire  Sensor  Systems.  Counterfire  sensor 
systems  detect  units  firing  artillery,  rockets,  or  mortars  in  accordance  with 
the  number  of  volleys  fired  by  the  units  during  the  search  period  and  the 
number  of  rounds  fired  per  volley.  Volleys,  therefore,  are  the  element  type 
subject  to  detection  by  counterfire  systems.  In  a  target  unit,  either  all 
launchers  are  treated  as  firing  or  none  are  treated  as  firing.  The  likeli¬ 
hood  of  a  unit  type  firing  is  input  in  terms  of  the  fraction  of  all  deployed 
units  of  a  specified  type  which  are  firing  during  the  search  period.  This 
fraction  is  a  ceiling  on  the  unit  POTA  generated  by  counterfire  systems  since 
such  systems  cannot  detect  a  nonfiring  unit. 

(3)  Activity/Environment  Factor.  The  detectability  of  a  target  unit 
depends,  among  other  factors,  on  its  activity  (moving  or  not  moving)  and  its 
environment  (in  the  open  or  in  woods  or  towns).  TAOER,  therefore,  defines 
four  target  activity/environment  states,  which  are  assumed  to  be  all- 
inclusive.  These  are: 

(a)  Moving  in  the  open. 

(b)  Moving  in  woods  or  towns. 

(c)  Stationary  in  the  open. 
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(d)  Stationary  in  woods  or  towns. 

For  each  target  unit  in  each  target  zone,  the  user  inputs  the  frequency 
(fraction  of  time)  each  element  type  is  expected  to  be  in  each  of  the  above 
four  activity/environment  states. 

(4)  Target  Lucrativeness.  The  simplest  and  most  basic  criterion  for 
detection  of  a  unit  is  to  treat  the  unit  as  detected  if  at  least  one  target 
element  in  it  is  detected.  However,  such  a  criterion  is  often  not  practical 
because  it  can  give  excessive  weight  to  small  (in  numbers)  detections  with  an 
associated  risk  of  accepting,  as  a  valid  target,  a  detected  unit  too  small  to 
justify  the  resources  required  to  destroy  it.  Therefore,  the  TADER  POTA 
method  allows  the  user  to  specify  a  threshold  of  detections  which  is  used  to 
"filter  out"  detections  at  subthreshold  level.  The  term  used  to  describe 
filtered-out  detections  is  "nonlucrative"  and  is  equivalent  to  having  insuf¬ 
ficient  evidence  that  a  unit  of  a  given  type  has  been  spotted,  classified, 
and  placed  at  a  given  location.  There  are  two  types  of  lucrativeness  thresh¬ 
olds,  denoted  by  "OR"  and  "AND,"  that  can  be  specified.  Detections  are  "OR" 
lucrative  If  at  least  the  "OR"  level  is  detected  for  at  least  one  element 
type.  Detections  are  "AND"  lucrative  if  at  least  the  "AND"  level  is  detected 
for  all  applicable  element  types.  A  unit  POTA  is  the  probability  of  detec¬ 
tions  being  lucrative  under  either  the  "OR"  or  the  "AND"  lucrativeness.  For 
each  target  unit,  TADER  requires  assignment  of  an  "OR"  lucrctiveness  thresh¬ 
old  for  each  element  type.  In  addition,  an  "AND"  lucrativeness  threshold  can 
be  specified  for  wheeled  vehicles  and  for  tracked  vehicles.  A  threshold  is 
in  terms  of  the  minimum  fraction  of  elements  (of  each  type)  that  must  be 
detected.  The  model  converts  the  fraction  to  a  threshold  level  by  applying 
it  to  the  input  TOE. 

c.  Grid  Square  Input.  TADER  calculates  a  unit  POTA  for  a  target  unit 
located  at  a  specific  point  location  in  a  target  zone.  It  then  averages  the 
"point"  unit  POTAs  over  all  "points"  in  a  zone  to  determine  a  unit  POTA  for 
the  (unit  randomly  located  in  the)  target  zone.  The  points  (at  which  unit 
POTAs  are  calculated)  are  determined  as  the  centers  of  squares  in  a  grid  of 
squares  specified  by  input  for  each  target  zone;  i.e.,  each  target  zone  is 
partitioned  into  a  grid  of  uniform  squares  of  specified  side  dimension  (in 
km) . 

8.  COMPUTATIONAL  SEQUENCE 

a.  The  actual  sequence  of  computations  for  determining  the  zone  unit  POTA 
is  summarized  below. 

(1)  The  target  zone  is  partitioned  into  grid  squares  of  uniform  (input- 
specified)  size. 

(2)  For  each  deployed  sensor  of  each  system,  a  single-sensor  unit  POTA 
for  each  grid  square  is  computed,  based  on  the  target  unit  being  in  that  grid 
square  and  scanned  by  that  sensor.  This  is  the  probability  that  the  sensor 
detects  the  target  unit  as  lucrative. 

(3)  For  each  system,  a  single-system  POTA  for  each  grid  square  is  com¬ 
puted  by  combining  single-sensor  POTAs.  This  is  the  probability  that  the 
system  detects  the  target  as  lucrative. 
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(4)  Over  all  noncounterfire  systems,  the  noncounterf ire  unit  POTA  for 
each  grid  square  is  computed  by  combining  single-system  POTAs  versus  the 
unit.  This  is  the  probability  that  at  least  one  noncounterfire  system 
detects  the  unit  as  lucrative. 

(5)  Over  all  counterfire  systems,  the  counterfire  unit  POTA  for  each 
grid  square  for  each  unit  capable  of  firing  artillery/or  mortars  (element 
type  J  =  4  or  5)  in  the  grid  square  is  computed  by  combining  single-system 
POTAs  versus  the  unit.  This  is  the  probability  that  at  least  one  counterfire 
system  detects  the  unit  as  lucrative. 

(6)  The  combined  unit  POTA  for  each  grid  square  is  computed  by  combin¬ 
ing  the  noncounterfire  and  counterfire  unit  POTAs  in  each  square.  This  is 
the  probability  that  at  least  one  system  detects  the  target  unit  as 
lucrative. 

(7)  The  unit  POTA  for  the  target  zone  is  computed  by  averaging  the  grid 
square  unit  POTAs  over  all  grid  squares  in  the  target  zone.  Averaging 
randomizes  the  effects  of  target  location  over  the  target  zone. 

b.  Appendix  A  to  this  paper  depicts  the  above  methodology  in  more  detail 
via  a  series  of  expositions  and  examples  in  scripted  briefing  format.  The 
expositions  consist  of  the  methodology  of  the  general  case  in  terms  of 
definitions  and  formulas  for  calculation  of  a  POTA.  Interleaved  within  the 
expositions  are  example  applications  with  displayed  calculations  to 
illustrate  sections  of  exposition.  The  use  of  concurrently  explained 
examples  serves  to  fix  the  concepts  for  the  reader. 
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PENETRATING  SENSOR  COVERAGE  CONSISTS  OF  1  OR  MORE  RECTANGLES. 
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OVERVIEW  -  UNIT  POTA  CALCULATION  FOR  A  GRID  SQUARE 

Calculations  proceed  separately  along  two  branches,  one  for  counterfire  systems,  the  other  for 
noncounterf ire  systems.  They  are  combined  in  a  last  step.  The  logic  in  each  branch  is: 
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GENERAL  CASE  -  OPERATIONAL  PROBABILITY  OF  DETECTION,  SINGLE  SENSOR/SINGLE  ELT/SINGLE  GRID  SQUARE 

Each  target  zone  is  partitioned  into  uniform  grid  squares  of  input-specified  size.  Effects  of 
coverage  and  detection  are  treated  as  uniform  within  each  grid  square.  Given  a  partition  of  a 
target  zone  into  grid  squares,  each  square  is  processed  as  follows  to  yield  a  single-element 
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ABBREVIATIONS,  ACRONYMS,  SHORT  TERMS,  AND  SYMBOLS 

A/E  activity/environment 


ACT/ENV 
ADD( I ,M,S,G) 


ATHRES( I , J,K) 


COMB IN 


DEG(S,L) 


probability  that  detection  of  element  type  j  are 
at  least  at  the  "AND"  lucrativeness  threshold  but 
less  than  the  level  of  the  "OR"  lucrativeness 
threshold 

aircraft 

activity/environment 

add-on  to  unit  I  detection  probability  from  "AND" 
lucrativeness  {by  sensor  M  of  system  S  searching 
grid  square  G) 

minimum  fraction  of  the  TOE  for  element  types  J  = 
2  and  3  in  unit  I  that  must  both  be  detected  in 
target  zone  K  to  classify  the  detection  as 
lucrative  with  respect  to  "AND"  lucrativeness 

US  Army  Concepts  Analysis  Agency 

combination 

command  post 

environment/crew  degradation  factor  for  a  sensor 
of  system  S  searching  sensor  zone  L 

detection 


FA(S) 


FAALS 


FACT ( I , J,K,A/E ) 


FC(J,L,S,A/E) 


element 

emplaced 

probability  a  sensor  of  system  S  is  available 
(availability  factor) 

forward  area  acoustic  locating  system 

fraction  of  target  elements  of  type  J  in  unit  I 
and  target  zone  K  which  are  in 
activity/environment  A/E 

fraction  of  inherent  detection  capability 
applicable  to  a  single  sensor  of  system  S  vs.  a 
single  element  of  type  J  in  sensor  zone  L  and 
activity/environment  A/E 
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forward  edge  of  the  battle  area 
forward  line  of  own  troops 


FE8A 

PLOT 

FS(S) 

G 

HUMINT 

I 

IPB 

IRPS(I.J) 

I SAL ( I ,  J ,  K ) 

ITHS(I,J) 


J 

K 

L 

M 

NUFAM  III 

NUREM 

NUREQ-84 

NUREQ-92 

OP 

P(I, J,S,M,G,N) 

PA(S) 


probability  a  sensor  of  system  S  survives 
(survivability  factor) 

subscript  designating  grid  square 

human  intelligence 

subscript  designating  target  unit 

intelligence  preparation  of  the  battlefield 

number  of  rounds  fired  per  volley  by  a  firing 
element  J  =  4  or  5  in  Unit  I 


number  of  volleys  fired  by  a  firer  element  of  type 
J  in  target  zone  K  during  search  period  (J  =  4  or 
5) 


minimum  number  of  volleys  of  fired  element  type  J 
rounds  (J=4  or  5)  in  unit  I  that  must  be  detected 
by  a  counterfire  system  to  classify  the  detection 
as  lucrative  with  respect  to  element  type  J 

subscript  designating  element  type 

subscript  designating  target  zone 


subscript  designating  sensor  zone 

subscript  designating  an  individual  sensor  in  a 
sensor  system 

Nuclear  Fire  Planning  and  Assessment  Model  III 


Nuclear  Requirements  Methodology 
Theater  Nuclear  Force  Requirement  -  1984  Study 
Theater  Nuclear  Force  Requirement  -  1992  Study 
operational 


operational  probability  of  sensor  M  of  system  S 
detecting  exactly  N  target  elements  in  unit  I  in 
grid  square  G 


probability  a  sensor  of  system  S  is  available  and 
survives 
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PCPF(S)  degree,  on  average,  to  which  crew  performance  may 

be  expected  to  degrade  PDET 

PD(J,K,L,S,A/E)  probability  of  operational  detection,  given 

coverage,  by  a  single  sensor  of  system  S  scanning 
a  single  target  element  of  type  J  in 
activity/environment  A/E  in  sensor  zone  L  and 
target  zone  K 

PDET(J,L,S)  inherent  probability  that  a  single  mission  (or 

sensor)  of  sensor  system  S  detects  a  single  target 
element  of  type  J  under  ideal  conditions  in  sensor 
zone  L 

PFIR(I,J,M)  fraction  of  all  deployed  units  of  type  I  in  target 

zone  K  which  are  firing,  from  elements  of  type 
J(=  4  or  5)  during  the  search  period 

PL0S(L,S)  probability  of  clear  line  of  sight  from  a  sensor 

of  system  S  to  a  target  element  in  sensor  zone  L 

PMIN(I,J,M,S,G)  probability  that  detections  of  element  type  J,  in 

unit  I  and  grid  square  G,  by  sensor  M  of  system  S 
are  not  classified  lucrative,  i.e.  probability 
not  enough  of  element  type  J  are  detected  to 
qualify  as  lucrative 

P0D( I , J,S,M,G)  same  as  P0DT(I,J,K(G),  L(G),  S)  if  G  is  in  the 

coverage  region  of  sensor  M,  where  L(G)  =  sensor 
zone  containing  G  and  K(G)  =  target  zone 
containing  G;  =  0  if  G  is  not  in  coverage  region 
of  M 

P0DR(I , J,K,L,S)  For  a  counterfire  system  S,  this  is  the  average 

operational  probability  of  detection  by  a  single 
available  and  surviving  sensor  (of  system  S)  of  a 
single  round,  fired  by  element  type  J  in  unit  I, 
within  sensor  coverage  in  sensor  zone  L  and  target 
zone  K 

P0DT( I , J,K,L,S)  average  operational  probability  of  detection  by  a 

single  available  sensor  (in  system  S)  of  a  single 
elt  (of  type  J  in  unit  I)  within  that  sensor's 
range  (coverage)  and  located  in  sensor  zone  L  and 
target  zone  K 

for  a  counterfire  system  S,  this  is  the  average 
probability  of  detection  by  a  single  sensor  (of 
system  S)  of  (at  least  one  round  of)  a  volley 
fired  by  element  type  J  within  coverage  range  in 
sensor  zone  L  and  target  zone  K 


POK 


percent  of  knowledge 
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POTA 


probability  of  operational  target  acquisition 


POTA ( I  ,G) 
POTA(I.K) 

POTAR 

POTM( I ,M,S,G) 
P0TS( I ,S,G) 

POTl(I.G) 
POT2( I , J,G) 

POTZ( I , J,S,G) 

PROB 

PSMO(S) 

PTGT ( I ,G,K) 

PWEA(S) 

PWIND(S) 

QA 

REMBASS 

RPV 

S 
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probability  at  least  one  system  detects  unit  I  as 
lucrative  in  grid  square  G 

the  unit  POTA  for  unit  I  in  target  zone  K,  i.e., 
the  probability  that  unit  I,  randomly  located  in 
target  zone  K,  is  detected  as  lucrative  by  at 
least  one  system 

probability  of  operational  target  acquisition 
routine 

noncounterfire  single-system  POTA  for  sensor  M  of 
system  S  versus  unit  I  in  grid  square  G 

probability  unit  I  in  grid  square  G  is  detected  as 
lucrative  by  (at  least  one  sensor  of) 
noncounterfire  system  S 

probability  unit  I  in  grid  square  G  is  detected  as 
lucrative  by  at  least  one  noncounterfire  system 

probability  that  a  lucrative  number  of  element 
type  J  =  4  or  5  in  unit  I  and  grid  square  G  is 
detected  by  at  least  one  counterfire  system 

probability  a  lucrative  number  of  firing  element 
type  J  in  unit  I  in  grid  square  G  is  detected  as 
lucrative  by  counterfire  system  S 

probability 

degree,  on  average,  to  which  smoke  may  be  expected 
to  degrade  POET 

number  of  target  elements  of  type  J  in  unit  I  and 
target  zone  K 

degree,  on  average,  to  which  weather  may  be 
expected  to  degrade  PDET 

degree,  on  average,  to  which  wind  may  be  expected 
to  degrade  PDET 

quality  assurance 

remotely  monitored  battlefield  surveillance  system 

remotely  piloted  vehicle 

subscript  designating  sensor  system 
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SIGINT 


STANO 


signal  intelligence 

side-looking  airborne  radar 

surveillance,  target  acquisition,  and  night 
observation 


TADER 


TAS  II 


TAS  III 


THRES(I, J,K) 


Target  Detection  Routine 
Target  Acquisition  Study 
Target  Acquisition  Study  II 
Target  Acquisition  Study  III 
target 

minimum  fraction  of  TOE  for  element  type  J  in  unit 
I  that  must  be  detected  in  target  zone  K  to 
classify  the  detection  as  lucrative  with  respect 
to  "OR"  lucrativeness 

table  of  organization  and  equipment 

tactical  nuclear  force 
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